Free-electron lasers are high power radiation sources that utilize a distributed interaction between an accelerated electron beam and the electromagnetic eld. In these devices, the electron beam serves as the amplication medium generating electromagnetic radiation, while propagating in a periodic magnetic structure called wiggler or undulator. When electrons pass in the wiggler, they oscillate and act as a moving dipole emitting a wave packet of undulator synchrotron radiation. Incoherent summation of the wave packets results in a spontaneous emission.
Introduction
Terahertz radiation is of interest for a basic science, medical and biological applications, spectrometry, remote detection, etc. Among the applications are cancer diagnostics and treatment, medical imaging (especially for dentistry), high bandwidth radars and communications, remote sensing and imaging, fast spectroscopy, and radiative power beaming. Utilization of THz radiation is becoming wider as instantaneous power terahertz sources, like free-electron lasers (FELs) are developed.
FELs are electron devices utilizing distributed interaction between an electron beam and electromagnetic radiation. Such devices provide intense coherent electromagnetic radiation over a wide range of THz frequencies. When the electrons enter the wiggler, they oscillate and emit undulator synchrotron radiation. Random electron distribution in the e-beam cause uctuations in current density, identied as shot noise in the beam current.
The electromagnetic elds excited by each electron add incoherently, resulting in a spontaneous emission.
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In high-gain FELs, utilizing suciently long undulators, the spontaneous emission radiation excited in the rst part of the undulator is amplied along the reminder of the interaction region resulting in synchrotronamplied spontaneous emission (SASE) . Such well-known FEL mechanism is widely used for generation of far ultraviolet and X-ray wavelengths but also for the production of infrared and THz radiation. In SASE FELs, an initial spontaneous emission electron beam is self amplied along the wiggler, giving rise to non-linear beamradiation interaction.
This results in an exponential growth of the emission up to saturation.
When the electron beam is modulated or pre-bunched, the elds excited by the electrons become correlated, and coherent summation of radiation elds from individual particles occurs. If all electrons radiate in phase with each other, the generated radiation becomes coherent super-radiant emission [1] , resulting in an enhancement of undulator super-radiant emission of short electron pulses. Energy chirping is a well-known technique used in accelerator physics for density compression of electron pulses. In an ESR FEL, it is suggested to cause a longitudinal density compression of short electron pulses just inside the FEL interaction region, i.e. inside the wiggler. In the present work, we consider an FEL which is de- 
C +q (z, f ) and C −q (z, f ) are scalar amplitudes of the q-th forward and backward modes, respectively, with electric eldẼ q⊥ (x, y) and magnetic eldH q⊥ (x, y) proles and axial wave number
Expressions for the longitudinal component of the electric and magnetic elds are obtained after substituting the modal representation of the perpendicular elds into
Maxwell's equations, where source of electric current den-
The interaction between the electromagnetic eld and the gain medium is fully described by a set of coupled equations, expressing the evolution of mode amplitudes along the interaction region
The normalization of the eld amplitudes of each mode is made via each mode's complex Poynting vector power
and the mode impedance is given by
for TM modes. [12] was also applied to simulate the initial electron beam short noise in a wide frequency range.
Numerical results
The simulations were carried out supposing the beam energy of E k = 5.5 MeV, which corresponds to the FEL synchronism frequency of f s ≈ 2.96 THz (λ s ≈ 100 µm).
Typical spectrum of SASE emission is illustrated in Fig. 1 where an example of SASE radiation spectrum obtained 
